


Imperial National Wildlife Refuge 
Fish Pond Enhancement Program 

Geotechnical and Geohydrological Findings 

Scope of Project: 

Geotechnical investigations were performed in order to ascertain the presence of 
permeable sediments near the existing fish ponds in anticipation of drilling several high 
capacity production wells. Additionally, sediment samples were collected in the upper 
zones to determine the percentage of fines. 

Location: 

The project site is located in the west '/z of section 13 and east ?4 of section 14, T. 5 S., R. 
22 W. The area can be found on the Imperial Reservoir 7.5 minute quadrangle. The site 
is within the Imperial National Wildlife Refuge (INWR) and bounded on the west by the 
Colorado River and to the east by the Martinez Lake Inlet Channel. The surface is 
composed of silty, fine sands of recent Colorado River floodplain deposits (see Figure 1). 
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Subsurface Sediment Gradations 

During drilling push samples were taken at various intervals generally within the first 40 
feet of hole. The following Table 2 summarizes the results. The graphical gradation 
sheets can be found in Appendix 11. 

TABLE 2 

Hole No. Interval (fir 
TH- 1 2.0 - 4.0 

9.0 - 10.5 
10.5 - 11 .O 
14.0 - 16.0 
19.0 - 19.8 
19.8 - 20.2 
20.2 - 20.3 
28.0 - 29.5 
29.5 - 30.0 
38.0 - 40.0 

Soil Classification Remarks 
SM; Silty sand 
SM; Silty sand 
SM; Silty sand 
ML; Sandy silt 
CL; Lean clay 
ML; Silt 
ML; Sandy silt 
SP-SM; Poorly graded sand with silt 
SM; Silty sand 
SP-SM; Poorly graded sand with silt and gravel 
SP; Poorly graded sand During well development 

SP-SM; Poorly graded sand with silt 
CL; Lean clay 
SM; Silty sand 
SP; Poorly graded sand 

SM; Silty sand 
SM; Silty sand 
SP-SM; Poorly graded sand with silt and gravel 
SP; Poorly graded sand 
SP; Poorly graded sand with gravel 
SW; Well-graded sand with gravel 

SM; Silty sand From auger flight 
CL; Lean clay 
CH; Fat clay 
SP-SM; Poorly graded sand with silt 
SP-SM; Poorly graded sand with silt 

SM; Silty sand 
SM; Silty sand 
ML; Silt with sand 
SM; Silty sand 



Pump Tests and Aquifer Parameters 

A pumping test was done on the water supply well drilled in 2002 and referred to as 
INWR Well #2. This well was drilled to a depth of 155 feet and screened with 90 feet of 
16-inch diameter wirewrap type 304 stainless steel with .02 inch slot width. The screened 
interval was 46 to 136 feet depth. The four hour test was done on December 29,2005. 
The well was pumped at a maximum rate of 1600 gpm. Static water level was 7.04 feet 
(elevation 183.33 feet above mean sea level). Pumping level at 1600 gpm was 92.53 feet 
and slowly dropping at the end of the test. Maximum drawdown was 85.49 feet with a 
specific capacity of 18 gprn per foot of drawdown. Water temperature was 21.6"C 
(71 O F ) .  

A 1 liter water sample was taken for chemical analysis (see Appendix 111). Aquifer 
parameters were estimated from recovery of the pumped well at the end of the test and 
also recovery of INWR Well #1 (not pumped), 43.5 feet north of INWR Well #2. INWR 
#1 was drilled in 1999, completed with 14" diameter .03" slot wire-wrap stainless steel 
screen from 71 to 15 1 feet depth, and pumped at a maximum rate of about 1400 gprn in 
1991. Transmissivity calculated from the recovery of INWR #2 was about 480,000 
gpdfoot. Specific yield of the sandy soils above the fanglomerate appears to be about 
10% based upon the recovery of INWR Well #1 following the step drawdown test of 
INWR #2. 

This pumping test is believed to be representative of aquifer parameters for the INWR 
site based upon well logs of INWR #1, INWR #2, and well logs of recently drilled test 
holes TH-1, TH-2, TH-4, TH-5, and TH-6 (see Appendix IV). 

GroundwaterISurface water relations 

There is good hydraulic connection between the different layers of the sedimentary soils 
of the INWR site. Evidence for this is seen by the high transmissivity calculated from the 
pumping test of INWR #2 and the drawdown of 0.36 feet (static 6.07 feet to 6.43 feet) 
observed at the new USBR well TH-1-- 1,671 feet away from INWR #2 after 4 hours of 
pumping. It seems appropriate to evaluate the ground-water reservoir at the site as a 
water table aquifer with good hydraulic connection between layers of the geologic 
subsurface, the local ponds, and the Colorado River. Recharge from the ponds and the 
river to the aquifer should be rapid when wells are pumped with only minor drawdown 
between wells. Pumped wells a few hundred feet apart should have minimal interference 
with one another. 

Surface and Groundwater Chemistries: 

During the course of this study nine water samples were collected for complete analyses. 
Two of the samples were surface water grab samples. One surface water sample was 
from the lift pump station at Martinez Lake Inlet. This water, diverted from the Colorado 
River, is used to flood irrigate fields for water fowl. The other surface water sample was 
from the Colorado River near TH-6 at the southern end of the existing fish ponds. 



The two existing supply wells were sampled during a pump test and each of the test holes 
were sampled near the end of the pump test or development phase. The complete 
analyses can be found in Appendix 111. 

The Colorado River and Martinez Lake Inlet water samples show TDS (Total Dissolved 
Solids) values (by evaporation) of 808 and 780 mg/L respectively. Several of the test 
holes exhibit TDS values slightly better than the surface water samples. TH-4 was the 
only test hole to show anomalously elevated TDS values. TH-4 is located where frequent 
irrigation of fields occurs and the higher TDS may reflect evapotranspiration effects. 
Table 3 is a summary of several parameters from the sampling effort. 

TABLE 3 

Site 
Colorado River 
Martinez Lake Inlet 
INWR #1 
INWR #2 
INWR TH- 1 
INWR TH-2 
INWR TH-4 
INWR TH-5 
INWR TH-6 

TDS (mdL) 
808 
780 
832 
748 
624 
796 
1350 
788 
672 

Temp. ("C) 
10.6 
13.1 
21.6 
21.6 
22.2 
22.8 
22.5 
22.2 
21.6 

Date Coll. 
1/5/2006 
12/29/2005 
12/22/2005 
12/29/2005 
12/27/2005 
1 /24/2006 
111 712006 
111 812006 
1/5/2006 

"estimated 

Recommendations: 

The estimated additional ground-water requirement to operate the enhanced fish ponds is 
about 3000 gpm. The pump test suggests that the aquifer performance could provide 
between 700 to 1000 gpm per production well. This is dependent upon site specific 
aquifer properties, screen length, screen slot size, and gravel pack. We recommend a 
phased production well installation schedule. This would require, at a minimum, three 
production wells (and perhaps four) that could be located in the north portion of the study 
area. The distance between production wells could be as little as 200 feet without 
significant interference. 

Fred Croxen - Geologist Earl Burnett - Geologist 



Appendices: 

I. Drill Hole and Completion Logs 
11. Gradations 
111. Water Analyses 

a. Colorado River at INWR TH-6 
b. Martinez Lake Inlet 
c. INWR#l 
d. INWR#2 
e. INWR TH-1 
f. INWR TH-2 
g. INWR TH-4 
h. INWR TH-5 
i. INWR TH-6 

IV. Pump Test Data 
V. Geophysical Logs 
VI. Fence Diagram 



APPENDIX I 

DRILL HOLE and COMPLETION LOGS 







































APPENDIX I1 

GRADATIONS 



2.0 - 4.0 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication 

fines fine gravel coarse sand coarse gravel - m 

4min 19rnin 60rnin 7hr15 25hr45 
,019 rnrn ,009 rnrn .005 rnrn .002 rnrn ,001 rnm 

no 50 no 100 no 200 I min 
.3 rnrn . I5 rnrn ,075 rnrn ,037 rnrn 
2.20 g 8.80 g 62.20 g 

75 rnrn 37.5 rnm 19 rnrn 9.5 rnrn 4.75 rnm 2.36 rnrn 1.18 rnm .6 rnm 
1.00 g 0.30 g 0.80 g 1.40 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.100 rnrn D50: 0.0879 rnrn D30: NA D10: NA 

Gravel 0.1 % Sand 62.1 % Fines 37.8 % 



9.0 - 10.5 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

fine sand fines fine gravel coarse sand medium sand coarse gravel 
a , * ,  

no200 I min 4 min 19 min 60 min 7 hr 15 25 hr 45 
,075 mm ,037 mm ,019 mm .009 mm ,005 mm .002 mm .001 mm 
79.20 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.1 10 mm D50: 0.0998 mm D30: 0.0821 mm D10: NA 

Gravel 0.0 % Sand 79.2 % Fines 20.8 % 



10.5 - 11.0 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

fine sand coarse gravel fine gravel coarse sand medium sand fines 

no30 no 50 no 100 no200 I min 4 min 19min 60 min 7 hr 15 
.6 mm .3 mm . I5 mm .075 mm ,037 mm .019 mm .009 mm .005 mm .002 mm 
0.40g 0.70g 2.109 51.60g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.0882 mm D50: 0.0767 mm D30: NA D10: NA 

Gravel 0.0 % Sand 51.6 % Fines 48.4 % 



14.0 - 16.0 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 

total dry wt tested 1,000.00 g ML; Sandy silt. Total weights entered as constants for percentage replication. 

fine gravel coarse sand medium sand fine sand fines 

no 50 no 100 no 200 I  min 
.3 mm .I5 mm ,075 mm ,037 mm 

5.00g 0.80g 1.30g 1.90g 2.00g 5.50g 142.00g 

total - no. 4 tested 300.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.0843 mm D50: NA 

Gravel 0.5 % Sand 47.1 % Fines 52.4 % 







coarse gravel 
I- 

3in 1 112in 
75 rnrn 37.5 rnrn 

20.2 - 20.3 ft Test Hole 1 Imperial National Wildlife Refuge 12-19-2005 

total dry wt tested 1,000.00 g ML; Sandy silt. Total weights entered as constants for percentage replication. 

fine gravel coarse sand 

19 rnrn 9.5 rnrn 4.75 rnrn 2.36 rnrn 1.18 rnrn .6 rnrn 

fines 

no 50 no 100 no 200 I rnin 4 rnin 19 rnin 60 rnin 7 hr 15 25 hr45 
.3 rnrn .I5 rnrn .075 rnrn ,037 rnrn ,019 rnrn ,009 rnrn ,005 rnrn .002 rnrn ,001 rnrr 
0.20g 4.109 35.10g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA D30: NA D10: NA 

Gravel 0.0 % Sand 35.1 % Fines 64.9 % 



28.0 - 29.5 ft Test Hole 1 Imperial National Wildlife Refuge 12-20-2005 

total dry wt tested 1,000.00 g SP-SM; Poorly graded sand with silt. Total weights entered as constants for percentage replication. 

3 in 1 112 in 
75 rnrn 37.5 rnrn 

fine gravel coarse sand medium sand 
- 

19 rnrn 9.5 mm 4.75 rnrn 2.36 rnrn 1.18 mm .6 rnrn 
0.60 g 

fine sand fines 

no 50 no 100 no 200 I min 4 min 19 min 60 rnin 7 hr 15 25 hr 45 
.3 rnrn .I5 mm .075 mm ,037 mm .019 rnrn .009 rnrn .005 rnrn .002 mm .001 rnrn 
1.40 g 42.60 g 89.90 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.157 mm D50: 0.135 mm D30: 0.100 mm D10: NA 

Gravel 0.0 % Sand 89.9 % Fines 10.1 % 



29.5 - 30.0 ft Test Hole I Imperial National Wildlife Refuge 12-20-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

medium sand fine sand fines fine gravel coarse sand coarse gravel 
- , - I  

- 

no 100 no 200 
. I5 mm .075 mrn 
15.40 g 78.70 g 

I rnin 4 min 19 min 60 min 
.037 mm .019 mm ,009 mm ,005 mm 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.1 15 mm D50: 0.103 mm D30: 0.0825 mm D10: NA 

Gravel 0.0 % Sand 78.7 % Fines 21.3 % 



38.0 - 40.0 ft Test Hole I Imperial National Wildlife Refuge 12-20-2005 

total dry wt tested 1,000.00 g SP-SM; Poorly graded sand with silt and gravel. Total weights entered as constants for percentage 
. - 

replication. 

coarse gravel 

loo,, - .  ~ ------,--....------- 

fine gravel coarse sand medium sand fine sand fines 

19 min 60 min 7 hr 15 25 hr 45 
,009 mm .005 mm ,002 mm .001 mm 

no 200 I min 4 min 
.075 mm ,037 mrn .019 mm 
90.00 g 

19 mrn 9.5 mm 4.75 rnm 2.36 mm 1.18 mm .6 mm 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 27.02 Coef. of curvature 0.58 D60: 4.08 mm D50: 2.36 mm D30: 0.597 mm D10: 0.151 mm 

Gravel 37.2 % Sand 56.5 % Fines 6.3 % 



Generic Sand Test Hole I Imperial National Wildlife Refuge 12-27-2005 

total dry wt tested 1,000.00 g SP; Poorly graded sand. Collected from material flushed out during well development. Total 
weights entered as constants for percentage replication. 

fine sand fine gravel coarse sand medium sand fines 

no 50 no 100 no 200 I min 4 min 
.3 mm .15mm .075 mm ,037 mm ,019 mm 

19 min 60 min 7 hr 15 25 hr45 
,009 mm ,005 mm .002 mm ,001 mm 

1.20 g 26.80 g 86.80 g 98.30 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 2.08 Coef. of curvature 1.04 D60: 0.258 mm D50: 0.229 mm 030: 0.182 mm D10: 0.124 mm 

Gravel 0.0 % Sand 98.3 % Fines 1.7 % 





18.0 - 20.5 ft Test Hole 2 Imperial National Wildlife Refuge 1-18-2006 

total dry wt tested 1,000.00 g CL; Lean clay. Atterberg test: Liquid Limit = 46.9, Plasticity Index = 26.6. Total weights entered as 
constants for percentage replication. 

fine gravel coarse sand medium sand 

total - no. 4 testec 

no 200 I min 4 min 19 min 60 min 7 hr 15 25 hr45 

100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA 030: NA D10: NA 

Gravel 0.0 % Sand 2.2 % Fines 97.8 % 



28.0 - 30.5 ft Test Hole 2 Imperial National Wildlife Refuge 1-1 8-2006 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

medium sand - - fines coarse gravel 
I 0°% L G O G  

fine gravel coarse sand 

no 50 no 100 no 200 I min 4 min 
.3 mm . I5 mm .075 mm .037 mm ,019 mm 
0.30 g 7.70 g 80.40 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.1 10 mm D50: 0.100 mm D30: 0.0828 mm D10: NA 

Gravel 0.0 % Sand 80.4 % Fines 19.6 % 



38.0 - 40.5 ft Test Hole 2 Imperial National Wildlife Refuge 1-18-2006 

total dry wt tested 1,000.00 g SP; Poorly graded sand. 

fine gravel coarse sand medium sand 

75 mm 37.5 mrn 19 mm 9.5 mm 4.75 mm 2.36 mm 1.18 mm 
21.00 g 69.00 g 7.69 g 14.07 g 

Total weights entered as constants for percentage replication. 

fine sand fines 

no 50 no 100 no 200 I min 4 min 19 min 60 min 7 hr 15 25 hr45 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 2.91 Coef. of curvature 0.80 D60: 0.477 mm D50: 0.385 mm D30: 0.250 mm D10: 0.164 mm 

Gravel 9.0 % Sand 88.9 % Fines 2.1 % 



coarse gravel - - 7 

0.0 - 3.0 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

fine gravel coarse sand medium sand fine sand 

total - no. 4 tested 100.00 g moisture content NA 

I min 
.037 mm 

4 min 19min 60 min 7 hr 15 25 hr45 
,019 mm ,009 mm .005 mm .002 mm ,001 mm 

Coef. of uniformity NA Coef. of curvature NA D60: 0.122 mm D50: 0.108 mm D30: 0.0831 mm D10: NA 

Gravel 2.6 % Sand 75.3 % Fines 22.1 % 





9.6 - 10.5 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 

total dry wt tested 1,000.00 g SP-SM; Poorly graded sand with silt and gravel. Total weights entered as constants for percentage 
replication. 

coarse gravel fine gravel coarse sand medium sand fine sand fines 

no 50 no 100 no 200 I min 4 min 19 min 60 min 7 hr 15 25 hr 45 
.3 mm . I5 mm ,075 mm ,037 mm .019 mm .009 mm .005 mm .002 mm ,001 mm 

22.36 g 28.38 g 37.35 g 52.07 g 86.35 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 1.48 mm D50: 0.418 mm D30: 0.128 mm D10: NA 

Gravel 25.3 % Sand 64.5 % Fines 10.2 % 



13.0 - 13.8 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 

total dry wt tested 1,000.00 g SP; Poorly graded sand. 

coarse gravel 
100% 

100.0% 1 100.0% j 10( 

------. - - - - - , - - - - - - - - - - - - - - - - - - -  t i ,  
0% 

fine gravel coarse sand medium sand 

Total weights entered as constants for percentage replication. 

fine sand fines 

no200 I m i n  4min 19min 60min 7hr15 25hr45 
.075 mm ,037 mm .019 mrn ,009 mm ,005 mm ,002 mm .001 mm 
96.20 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 2.34 Coef. of curvature 0.95 D60: 0.199 mm D50: 0.174 mm D30: 0.127 mm D10: 0.0849 mm 

Gravel 0.0 % Sand 96.2 % Fines 3.8 % 



13.8 - 15.0 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 

total dry wt tested 1,000.00 g SP; Poorly graded sand with gravel. Total weights entered as constants for percentage replication. 

coarse gravel - 8 
- 

100.0% / 100- 

fine gravel coarse sand medium sand fine sand fines 

no50 no100 no200 I m i n  4min 19min 60min 7hr15 25hr45 
.3 mm .I5 mm .075 mm .037 mm ,019 mm .009 mm .005 mm ,002 mm ,001 mm 
78.34 g 92.38 g 96.66 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 10.85 Coef. of curvature 0.65 D60: 2.16 mm D50: 1.21 mm D30: 0.530 mm D10: 0.199 mm 

Gravel 25.2 % Sand 72.3 % Fines 2.5 % 



18.0 - 19.1 ft Test Hole 4 Imperial National Wildlife Refuge 1-9-2006 

total dry wt tested 1,000.00 g SW; Well-graded sand with gravel. Total weights entered as constants for percentage replication 

coarse gravel fine gravel coarse sand medium sand fine sand fines 

no50 no100 no200 I m i n  4min 19min 60min 7hr15 25hr45 
.3 mm .I5 mm .075 mm ,037 mm .019 mm .009 mm .005 mm ,002 mm ,001 mm 

17.29 g 38.42 g 59.90 g 74.79 g 84.75 g 94.96 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 13.83 Coef. of curvature 1.24 D60: 1.66 mm D50: 1 . I2  mm D30: 0.496 mm D10: 0.120 mm 

Gravel 16.7 % Sand 79.1 % Fines 4.2 % 



8 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 

total dry wt tested 1,000.00 g SM; Silty sand. "8 ft from auger flight" Total weights entered as constants for percentage 

fine gravel coarse sand 

replication. 

medium sand fine sand 

total - no. 4 tested 100.00 g moisture content NA 

fines 

I min 4 min 19min 60 min 7 hr 15 25 hr45 
.037 mm .019 mm ,009 mm ,005 mm ,002 mm ,001 mm 

Coef. of uniformity NA Coef. of curvature NA D60: 0.1 I 7  mm D50: 0.106 mm D30: 0.0863 mm D10: NA 

Gravel 0.0 % Sand 83.7 % Fines 16.3 % 



18.5 - 20.5 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 

total dry wt tested 1,000.00 g CL; Lean clay. Atterberg test: Liquid Limit = 46.0, Plasticity Index = 26.4. Total weights entered as 
constants for percentage replication. 

coarse gravel 

100.0% j 100.0% j 10' 
....... .....,...... ......,..... 

fine gravel coarse sand medium sand fine sand 

total - no. 4 tested 100.00 g moisture content NA 

I min 4 min 19 min 60 min 7 hr 15 25 hr 45 
,037 mm .019 mm .009 mm ,005 mm ,002 mm .001 mm 

Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA D30: NA D10: NA 

Gravel 0.0 % Sand 7.1 % Fines 92.9 % 



28.0 - 28.5 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 

total dry wt tested 1,000.00 g CH; Fat clay. 

coarse gravel fine gravel coarse sand 

Atterberg test: Liquid Limit = 53.8, Plasticity Index = 33.8. Total weights entered as 
constants for percentage replication. 

fine sand fines 

no50 no 100 no200 I min 4 min 19min 60 min 7 hr 15 25 hr45 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA 030: NA D10: NA 

Gravel 0.0 % Sand 4.2 % . Fines 95.8 % 





38.5 - 40.5 ft Test Hole 5 Imperial National Wildlife Refuge 1-17-2006 

total dry wt tested 1,000.00 g SP-SM; Poorly graded sand with silt. Total weights entered as constants for percentage replication. 

coarse gravel fine gravel coarse sand medium sand fine sand fines 

no 50 no 100 no200 I min 4 min 19 min 60 min 7 hr 15 25 hr 45 
.3 mm . I5 mm ,075 mm .037 mm .019 mm ,009 mm .005 mm .002 mm .001 mm 
3.11 g 53.26 g 92.58 g 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity 2.31 Coef. of curvature 0.88 D60: 0.181 rnrn D50: 0.157 rnrn 030: 0.1 12 rnrn D10: 0.0785 rnrn 

Gravel 0.3 % Sand 92.3 % Fines 7.4 % 



4.0 - 4.2 ft Test Hole 6 Imperial National Wildlife Refuge 12-28-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

fine gravel coarse sand 

total - no. 4 tested 100.00 g moisture content NA 

I min 
,037 mm 

4 min 19min 60 min 7 hr 15 25 hr45 
.019 mm ,009 mm ,005 mm ,002 mm .001 mm 

Coef. of uniformity NA Coef. of curvature NA D60: 0.1 11 mrn , D50: 0.0978 rnrn D30: 0.0762 rnm D10: NA 

Gravel 0.0 % Sand 71.3 % Fines 28.7 % 



9.0 - 11.0 ft Test Hole 6 Imperial National Wildlife Refuge 12-28-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

fine gravel coarse sand medium sand fine sand fines coarse gravel - 
- 1 -  

- 
100.0% / 100.0% 

314in 318in no4 no8 no16 no30 
19 mm 9.5 rnm 4.75 mm 2.36 mm 1.18 mm .6 mm 

0.10 g 0.40 g 

no 50 no 100 no 200 I min 4 min 
.3 mm .15mm .075 mm .037 mm .019 mm 
0.70 g 3.40 g 54.90 g . 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.0917 mm D50: 0.0801 mm D30: NA D10: NA 

Gravel 0.0 % Sand 54.9 % Fines 45.1 % 



14.0 - 16.0 ft Test Hole 6 Imperial National Wildlife Refuge 12-28-2005 

total dry wt tested 1,000.00 g ML; Silt with sand. Total weights entered as constants for percentage replication. 

coarse gravel 
- r v ,  

- 
100.0% / 100.0% / 101 

fine gravel coarse sand fines 

no 16 no 30 no 50 no 100 no 200 I min 4 min 19 min 60 min 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: NA D50: NA D30: NA D10: NA 

Gravel 0.0 % Sand 23.1 % Fines 76.9 % 



coarse gravel 

19.0 - 21.0 ft Test Hole 6 Imperial National Wildlife Refuge 12-29-2005 

total dry wt tested 1,000.00 g SM; Silty sand. Total weights entered as constants for percentage replication. 

fine gravel coarse sand medium sand fine sand fines 

\ , #  

no 50 no 100 no 200 I min 4 min 19 min 60 min 7 hr 15 25 hr45 

total - no. 4 tested 100.00 g moisture content NA 

Coef. of uniformity NA Coef. of curvature NA D60: 0.0966 rnrn D50: 0.0857 rnrn D30: NA D10: NA 

Gravel 0.0 % Sand 61 . I  % Fines 38.9 % 



APPENDIX I11 

WATER ANALYSES 



YUMA DESALTING PLANT - - - --- LABORATORY CHEMICAL ANALYSIS 
- r v  OF WATER SAMPLES 

- 
MISC. WELL 

INWR TH-1,76 gpm 

USGS STATION NUMBER: MISC-WELL 

LABNUMBER: 21399 

DATE COLLECTED: 12/27/2005 

ELECTROCONDUCTIVITY 1 EC (in microsiemens I cm): lolo (4 
TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 624 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mglL): 

SODIUM (Na): 

POTASSIUM (K): 

CALCIUM (Ca): 

MAGNESIUM (Mg): 

CARBONATE (C03): 

BICARBONATE (HC03): 

CHLORIDE (CI): 

SULFUR as Sulfate (S04): 

NITRATE (NO3 - N): 

All values in mglL 

SITE CODE: W0990 

SAMPLED BY: FCROXEN 

TIME COLLECTED: 12:OO 

FIELD TEMP ( C ): 22.2 

SALT CONDUCTIVITY: 0.9362 

646 pH: 8.02 

SILICA (Si02): 

BORON (B): 

FLUORIDE (F): 

AMMONIA (NH4 - N): 

PHOSPHATE (PO4 - P): 

IRON (Fe): 

MANGANESE (Mn): 

BARIUM (Ba): 

STRONTIUM (Sr): 

Cations, mE I L: 10.60 Anions, mE I L: 11.10 % DIFFERENCE: -2.44 



YUMA DESALTING PLANT 
LABORATORY CHEMICAL ANALYSIS 

OF WATER SAMPLES 

MISC. WELL 
INWR North Well 

USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 

LAB NUMBER: 21388 SAMPLED BY: FCROXEN 

DATE COLLECTED: 12/22/2005 TIME COLLECTED: 13:01 

ELECTROCONDUCTIVITY I EC (in microsiemens I cm): 1210 FIELD TEMP ( C ): 21.6 

TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 832 SALT CONDUCTIVITY: 0.6488 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mglL): 785 pH: 7.91 

All values in  mglL 

SODIUM (Na): 

POTASSIUM (K): 

CALCIUM (Ca): 

MAGNESIUM (Mg): 

CARBONATE (C03): 

BICARBONATE (HC03): 

CHLORIDE (CI): 

SULFUR as Sulfate (S04): 

NITRATE (NO3 - N): 

SILICA (Si02): 

BORON (6): 

FLUORIDE (F): 

AMMONIA (NH4 - N): 

PHOSPHATE (PO4 - P): 

IRON (Fe): 

MANGANESE (Mn): 

BARIUM (Ba): 

STRONTIUM (Sr): 

Cations, mE I L: 12.80 Anions, mE I L: 12.50 % DIFFERENCE: 1 .06 



YUMA DESALTING PLANT 
LABORATORY CHEMICAL ANALYSIS 

OF WATER SAMPLES 

MISC. WELL 
INWR TH-2 Shallow Well - 40ft. 

USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 

LAB NUMBER: 21686 SAMPLED BY: T Fox 

DATE COLLECTED: 112412006 TIME COLLECTED: : 

ELECTROCONDUCTIVITY I EC (in microsiemens I cm): 1270 FIELD TEMP ( C ): 22.8 

TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 796 SALT CONDUCTIVITY: 0.6008 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 1 2.03) (in mglL): 763 pH: 8.01 

All values in mglL 

SODIUM (Na): 

POTASSIUM (K): 

CALCIUM (Ca): 

MAGNESIUM (Mg): 

CARBONATE (C03): 

BICARBONATE (HC03): 

CHLORIDE (CI): 

SULFUR as Sulfate (S04): 

NITRATE (NO3 - N): 

SILICA (Si02): 

BORON (B): 

FLUORIDE (F): 

AMMONIA (NH4 - N): 

PHOSPHATE (PO4 - P): 

IRON (Fe): 

MANGANESE (Mn): 

BARIUM (Ba): 

STRONTIUM (Sr): 

Cations, mE I L: 12.00 Anions, mE I L: 12.70 % DIFFERENCE: -2.62 



YUMA DESALTING PLANT 
LABORATORY CHEMICAL ANALYSIS 

OF WATER SAMPLES 

MISC. WELL 
INWR South Well 

USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 

LAB NUMBER: 21425 SAMPLED BY: FCROXEN 

DATE COLLECTED: 12/29/2005 TIME COLLECTED: 15:17. 

ELECTROCONDUCTIVITY I EC (in microsiemens I cm): 1170 FIELD TEMP ( C ): 21.6 

TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 748 SALT CONDUCTIVITY: 0.588 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 I 2.03) (in mglL): 688 pH: 8.01 

All values in mglL 

SODIUM (Na): 

POTASSIUM (K): 

CALCIUM (Ca): 

MAGNESIUM (Mg): 

CARBONATE (C03): 

BICARBONATE (HC03): 

CHLORIDE (CI): 

SULFUR as Sulfate (S04): 

NITRATE (NO3 - N): 

SILICA (Si02): 

BORON (B): 

FLUORIDE (F): 

AMMONIA (NH4 - N): 

PHOSPHATE (PO4 - P): 

IRON (Fe): 

MANGANESE (Mn): 

BARIUM (Ba): 

STRONTIUM (Sr): 

Cations, mE I L: 10.50 Anions, mE I L: 11.60 % DIFFERENCE: -5.07 



YUMA DESALTING PLANT - - - --- LABORATORY CHEMICAL ANALYSIS 
- r v  OF WATER SAMPLES 

MISC. WELL 
INWR TH-4 

USGS STATION NUMBER: MISC-WELL SITE CODE: W0990 

LAB NUMBER: 21652 SAMPLED BY: T Fox 

, DATE COLLECTED: 111 712006 TIME COLLECTED: 10:37 

ELECTROCONDUCTIVITY I EC (in microsiemens I cm): 2120 FIELD TEMP ( C ): 22.5 

TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 1350 SALT CONDUCTIVITY: 0.6085 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mglL): 1290 pH: 7.5 

All values in mglL 

SODIUM (Na): 281 .OO SILICA (Si02): 26.60 

POTASSIUM (K): 5.5 BORON (B): cO.50 

CALCIUM (Ca): 91.20 FLUORIDE (F): 2.24 

MAGNESIUM (Mg): 33.00 AMMONIA (NH4 - N): 0.197 

CARBONATE (C03): 0.00 PHOSPHATE (PO4 - P): C0.50 

BICARBONATE (HC03): 367.00 IRON (Fe): <0.50 

CHLORIDE (Ci): 232.00 

SULFUR as Sulfate (S04): 439.00 

NITRATE (NO3 - N): e0.50 

MANGANESE (Mn): 1.31 

BARIUM (Ba): 0.0357 

STRONTIUM (Sr): 1.37 

Cations, mE I L: 19.60 Anions, mE I L: 21.80 % DIFFERENCE: -5.29 



YUMA DESALTING PLANT 
LABORATORY CHEMICAL ANALYSIS 

OF WATER SAMPLES 

INWR Martinez Lake Inlet. 

USGS STATION NUMBER: SITE CODE: W0990 

LAB NUMBER: 21424 SAMPLED BY: FCROXEN 

DATE COLLECTED: 12/29/2005 TIME COLLECTED: 12:35 

ELECTROCONDUCTIVITY I EC (in microsiemens I cm): 1280 FIELD TEMP ( C ): 13.1 

TDS - BY EVAPORATION AT 180 DEGREES C (in mglL): 780 SALT CONDUCTIVITY: 0.5781 

TDS - BY SUMMATION WITH HC03 CORRECTION (HC03 12.03) (in mg/L): 740 pH: 8.31 

All values in mglL 

SODIUM (Na): 

POTASSIUM (K): 

CALCIUM (Ca): 

MAGNESIUM (Mg): 

CARBONATE (C03): 

BICARBONATE (HC03): 

CHLORIDE (CI): 

SULFUR as Sulfate (S04): 

NITRATE (NO3 - N): 

SILICA (Si02): 

BORON (B): 

FLUORIDE (F): 

AMMONIA (NH4 - N): 

PHOSPHATE (PO4 - P): 

IRON (Fe): 

MANGANESE (Mn): 

BARIUM (Ba): 

STRONTIUM (Sr): 

Cations, mE I L: 11 .SO Anions, mE I L: 12.60 % DIFFERENCE: -4.73 



APPENDIX lV 

PUMP TEST DATA 



Analysis of INWR WELL #I during Step Drawdown Test of INWR WELL #2 of December 29,2006 Thursday 

Time t, min 
MST 

t', min 

0 
0.5 
1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
12 
15 
20 
25 
30 
38 
4 1 

log,o(tlt' ) Residual Drawdown. Depth to Water 
s', feet DW, feet 

7.36 

9.67 

10.37 

10.49 
10.56 

10.56? 
10.61 

TH-1 TH-1 
DW, feet Drawdown 

feet 
6.07 0 STATIC 

PUMP ON at 1100 gpm 

START MAXIMUM Q AT 1570 GPM 

6.43 0.36 
PUMP OFF. START RECOVERY OF INWR # I  (NORTH WELL) 

Plot of log,,(t/t' ) vs. residual drawdown (s') gives 
a Transmissivity of 400,000 gpdlft 

Storage coefficient = .3*~*t,/? =.088 

where t, = 2 min = 0.001386 days 
T = 400464 gpdlft 



Imperial National Wildlife Refuge Step Drawdown Test of INWR WELL #2 (South Well) 
December 29,2005 Thursday 
INWR #2 is 43.5 feet south of INWR #I 

Time (MST) t (min) Q (gpm) t' (min) log,,(t/t') INWR #2 INWR #2 INWR #2 INWR #2 lNWR#I TH-1 REMARKS 

Pumping Level Drawdown Residual drawdown Calculated residual Depth to water 
PL, feet s, feet s', feet drawdown Dw, feet Dw, feet 

( s-s' ), feet 

84.24 
84.33 
84.37 
84.46 
84.54 
84.53 
84.62 

84.78 
84.88 
84.93 

85.03 

1 

7.36 6.07 Static water level 
PUMP ON 
Decreased Q 

9.67 
Start maximum Q 

10.37 
6.32 

10.49 
10.56 

6.39 
10.56 
10.61 

6.43 
PUMP OFF 
START RECOVERY 



APPENDIX V 

GEOPHYSICAL LOGS 
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APPENDIX VI 

FENCE DIAGRAM 




